INTRODUCTION
============

Ki-67, as a proliferation marker, is used to predict the prognosis of cancer \[[@B1]\] and estimate the response to treatment. Recently, various researches have focused on Ki-67 labeling index (LI) and its role in cancer \[[@B1]\]. Ki-67 LI is defined as the percentage of Ki-67 antigen positive cells. Nuclear protein Ki-67, known as a marker of cellular proliferation, seems to be correlated with cancer survival. The cell cycle is known to affect the status of Ki-67; Ki-67 is present in the G1, G2, S, and M phase, but not in the G0 phase \[[@B2]\]. A previous study by Lazăr et al. \[[@B3]\] has shown that pathologic differentiation and p53 positivity are associated with the Ki-67 LI.

Although stomach cancer incidence has decreased compared to before, it is still considered a major cause of cancer death in East Asia \[[@B4][@B5][@B6]\]. In stomach cancer, p53 and Ki-67 have been reported to be useful in predicting prognosis \[[@B7][@B8]\]. For instance, according to a recent Korean study by Lee et al. \[[@B9]\], high Ki-67 level may be associated with good prognosis. However, this is controversial because several studies \[[@B10][@B11][@B12][@B13]\] have shown that high Ki-67 LI is associated with poor prognosis. Wu et al. \[[@B10]\] also reported that low Ki-67 LI was closely related to favorable survival after combined chemotherapy and surgery of gastric cancer. An Italian study additionally showed that high Ki-67 index is correlated with poor prognosis in elderly gastric cancer patients. Huang et al. \[[@B13]\] also showed that high Ki67 expression was associated with shorter survival and high relapse rate. On the one hand, Boger et al. \[[@B14]\] reported that Ki-67 expression did not have any prognostic value in gastric cancer.

The purpose of this study was to determine the significance of Ki-67 LI obtained from postoperative tissue specimens as a predictive marker to estimate the prognosis of stomach cancer. We also tried to find out other clinical/pathologic factors that might affect prognosis and factors related to Ki-67 LI.

METHODS
=======

Patient selection
-----------------

We evaluated 251 patients who underwent surgery for locally advanced gastric cancer in Inje University Busan Paik Hospital from February 2010 to August 2015. This study was approved by the Institutional Review Board (IRB) of Busan Paik Hospital (approval number: 17-0070). The IRB waived the requirement for obtaining informed consent. All patients underwent radical surgery for gastric cancer and D2 dissection. Patients were excluded from the study if they had early gastric cancer or distant metastasis at diagnosis. Patients with resection margin involvement were also excluded from this evaluation. Locally advanced gastric cancer, which is considered for postoperative chemotherapy, was the subject of this study. Moreover, if they were followed up for less than 3 months after surgery, or they did not undergo Ki-67 LI examination, they were excluded from the analysis.

Pathologic evaluation
---------------------

In this study, we evaluated the predictive marker for gastric cancer prognosis in the pathologic examination after radical surgery. The primary antibodies used for this evaluation were as follows: Ki-67 (1:280; Dako, Glostrup, Denmark) and p53 (1:150; Dako, Carpinteria, USA). World Health Organization (WHO) classification and American Joint Committee on Cancer 8th staging system were used for tumor classification. Additional examination to investigate the status of p53 or Ki-67 LI was performed for each specimen. Using the monoclonal antibody Ki-67, cellular proliferation rate was quantitatively investigated. In particular, Ki-67 LI was defined as the percentage of immunopositive cells among the counted 100 tumor cells. In the immunohistochemical study, Ki-67 LI was divided into 4 classes:≤25%, 25%--50%, 50--75%, and \>75%. Postoperative chemotherapy was administered to most patients.

Statistics
----------

We assessed disease-free survival (DFS) as a primary end-point. DFS was defined as the time interval between the date of surgery and recurrence. Analyses for failure pattern and prognostic factor were also performed.

For the statistical analysis, IBM SPSS ver. 18.0 (IBM Co., Armonk, NY, USA) was used. A chi-square test or a Fisher exact test was used for variable comparisons. For survival analysis, Kaplan-Meier and log-rank tests were used. The Cox regression hazard model was used for finding independent prognostic factors for DFS.

RESULTS
=======

Baseline characteristics
------------------------

The median follow-up period was 28.0 months (range, 3.9--74.6 months). [Table 1](#T1){ref-type="table"} summarizes the patient characteristics. The median age of patients was 63 years (range, 26--82 years). Patients aged over 65 accounted for 39.0% (n = 98). According to T stage, T3 was the most common tumor stage observed (n = 113, 45.0%). More than two-thirds of patients (n = 167, 66.5%) had regional lymph node metastases at the time of diagnosis. Moreover, most patients were histologically diagnosed with adenocarcinoma (n = 239, 95.2%). The distribution of Ki-67 LI on pathologic reports was as follows: Ki-67 LI ≤25% in 12.4% of patients, Ki-67 LI 25%--50% in 25.9% of patients, Ki-67 LI 50%--75% in 35.1% of patients, and Ki-67 LI \>75% in 26.7% of patients ([Table 1](#T1){ref-type="table"}). One hundred fifty-one patients (60.2%) were classified as having poorly cohesive carcinoma by the WHO classification. In addition, 168 patients (66.9%) had p53-positive tumors.

For the perioperative treatment, most patients (n = 241, 96.0%) received chemotherapy after surgical resection. Postoperative chemotherapy regimens were mainly 5-fluorouracil (5-FU; n = 44, 17.5%), doxifluridine (n = 124, 49.4%), and S-1 (oral fluoropyrimidine, n = 82, 32.7%), while some patients received multiple types of chemotherapy. No patient underwent neoadjuvant chemotherapy or adjuvant radiotherapy.

[Table 2](#T2){ref-type="table"} shows the distribution of clinical/pathologic factors according to Ki-67 value difference. Higher than 25% of Ki-67 LI was associated with poorly cohesive type (P = 0.003) according to WHO classification and p53 positivity (P \< 0.001). When the Ki-67 LI value was lower than 25%, there was a tendency of a more diffuse subtype according to the Lauren\'s classification (P = 0.078).

Pattern of failure
------------------

Regarding the failure pattern, 68 patients (27.1%) showed recurrence. During the follow-up period, 11 patients (4.4%) experienced loco-regional relapse and 59 patients experienced distant relapse (among them, 2 patients showed both loco-regional and distant relapse). Ki-67 LI was related with recurrence (Ki-67 LI ≤25% *vs.*\>25%, P = 0.016) ([Table 3](#T3){ref-type="table"}). Recurrence was also associated with T stage (P \< 0.001) and lymph node metastases at diagnosis (P = 0.002) ([Table 3](#T3){ref-type="table"}). In addition, lymphovascular invasion (P = 0.008) and neuronal invasion (P \< 0.001) were also related with high risk of recurrence ([Table 3](#T3){ref-type="table"}).

Survival outcomes
-----------------

During the follow-up period, 23 patients died. Among them, 20 died because of the progression of gastric cancer, while the others died because of intercurrent disease. According to the survival analyses, the 3-year DFS and overall survival (OS) were calculated as 69.4% and 89.1%, respectively ([Fig. 1](#F1){ref-type="fig"}). The 5-year DFS and OS were estimated as 61.0% and 85.9%, respectively.

Prognostic factors
------------------

[Table 3](#T3){ref-type="table"} shows the results of the univariate analysis for survival. T stage (P \< 0.001), N stage (P = 0.006), lymphovascular invasion (P = 0.010), neuronal invasion (P = 0.001), and Ki-67 LI value (≤25% *vs.* \>25%, P = 0.016) affected the DFS. To be specific, [Fig. 2](#F2){ref-type="fig"} shows that a low Ki-67 value (Ki-67 LI ≤25%) was correlated with low DFS (P = 0.033). Meanwhile, OS was correlated with T stage (P = 0.008), N stage (P = 0.002), and lymphovascular invasion (P = 0.042) ([Table 4](#T4){ref-type="table"}).

[Table 4](#T4){ref-type="table"} demonstrates the results of the multivariate analysis for DFS. T stage (T1--2 *vs.* T3--4, P = 0.003) and Ki-67 LI (Ki-67 LI ≤25% *vs.*\>25%, P = 0.035) were independent prognostic factors for DFS ([Table 5](#T5){ref-type="table"}). Additionally, there were no independent prognostic factors for OS.

The optimum Ki-67 LI cutoff point, which was obtained to divide the patients according to their prognosis (DFS), was 25% in this study ([Fig. 2](#F2){ref-type="fig"}) (P = 0.033). The other 50% (P = 0.178) or 75% (P = 0.098) cutoff points were inadequate as the relevant Ki-67 LI cutoff values did not produce significant differences. Importantly, among the subgroup who underwent adjuvant chemotherapy (n = 241) after surgery, low Ki-67 LI was related to low DFS (P = 0.013) ([Fig. 3](#F3){ref-type="fig"}).

Subgroup analyses
-----------------

Subgroup analyses were performed according to p53 positivity and WHO classification, which showed difference of patient distribution by Ki-67 LI ([Table 2](#T2){ref-type="table"}). In the group without p53 expression, lower Ki-67 LI (≤25%) was correlated with lower DFS (P = 0.031). However, there was no significant DFS difference according to Ki-67 LI in the patient subgroup with p53 positive expression (P = 0.343). In regard to the WHO classification, there were no differences in DFS by Ki-67 LI, though they approached borderline statistical significance (well differentiated P = 0.050 *vs.* poorly cohesive P = 0.077, respectively).

On the other hand, the further analysis for patient subgroup without lymph nodal metastases (N0) did not show the prognostic effect of Ki-67 expression on DFS (P = 0.312). Even in the analysis for the patients with lymph nodal metastases (N+), the effect of Ki-67 on DFS did not reach the statistical significance (P = 0.072).

DISCUSSION
==========

Taken together, p53 positivity and the poorly cohesive type were associated with the Ki-67 LI level. In addition, Ki-67 LI affected recurrence and DFS of gastric cancer. In the case of high level of Ki-67 LI with higher proliferation rates, aggressive features, and intratumor heterogeneity, better results were obtained because of the possibility of early detection. That is, high Ki-67 LI tumors may have been easily detected due to mass-forming symptoms \[[@B3]\], because of a relatively less tumor invasiveness and extensive stomach involvement.

The effect of Ki-67 on prognosis may be different according to treatment methods, such as degree of operation or administration of chemotherapy. Our results showed that high Ki-67 level tended to be associated with good prognosis. This result is in contradiction with the findings of previous Western studies, which showed high Ki-67 had detrimental outcomes \[[@B11][@B12][@B13]\]. It could be related with the fact that most of the patients of our study received postoperative chemotherapy, whereas most of the European patients did not undergo this adjuvant treatment.

Ki-67 seems to be a useful predictor of chemotherapy response according to the results of our study. In patients treated with chemotherapy, a low Ki-67 level was correlated to a poor DFS in our study. Chemotherapy has been frequently performed as adjuvant therapy after surgery to improve the treatment outcome of gastric cancer in East Asia \[[@B15][@B16][@B17]\]. Similarly, in the cases of breast cancer, a high Ki-67 LI value is associated with higher response rate to chemotherapy, as seen in the neoadjuvant treatment arm \[[@B18][@B19]\]. Moreover, Li et al. \[[@B20]\] recently reported that gastroesophageal cancer showed good response to chemotherapy in cases with elevated Ki-67 expression.

As for chemotherapy, 5-FU, which is widely used in adjuvant therapy for gastric cancer, is a proliferation-dependent drug, mainly acting in the G1 and S phases of the cell cycle. Doxifluridine, a fluoropyrimidine derivative of 5-FU, is also widely used as a chemotherapeutic agent in stomach cancer. Biologically, 5-FU is known to inhibit DNA replication by blocking thymidine synthesis \[[@B21]\] which makes it a better anticancer agent for proliferating tumors with high Ki-67 LI. On the other hand, Ki-67 LI levels were associated with radiosensitivity in brain tumors \[[@B22]\] and head and neck cancer \[[@B23]\]. Taken together, Ki-67 LI seems to be associated with chemosensitivity in gastric cancer.

Regional differences may cause different cancer outcomes. Compared to the prognosis in other countries, the prognosis of stomach cancer in Korea seems to be better even with a high Ki-67 LI \[[@B24]\]. According to a previous study \[[@B24]\], Asian patients with stomach cancer have better prognosis than Western patients do, which is thought to be related to differences in biological characteristics and treatment methods. The gastric cancer epidemiology in East Asian countries might be different from that in other countries. In East Asia, stomach cancer occurrence seems to be largely associated with dietary factors, such as salted foods or pickled vegetables \[[@B25]\]. In addition, excessive salt intake can interact with other carcinogens (i.e., *Helicobacter pylori*) and produce synergic effects.

Our study suggested the cutoff of Ki-67 LI as 25% for DFS. A recent meta-analysis study by Pyo and Kim \[[@B26]\] also shows that Ki-67 LI ≤25% was correlated with worse survival in gastric cancer. However, the optimal cutoff value is still unclear in this field. Therefore, further studies for the optimal cutoff value for Ki-67 LI are still warranted.

As for the limitations, this study was conducted in a limited population of Koreans, by retrospective design. Therefore, selection bias might influence the outcome. The finding that Ki-67 LI showed no effect on OS may be associated with the short-term follow-up period of this study. Moreover, patients were treated with various kinds of chemotherapy drugs. Further studies are needed to establish the direct action mechanism between chemosensitivity and Ki-67 LI. In addition, when we divided the patients using Ki-67 LI, there might be a bias because there was a difference of distribution in p53 positivity or differentiation according to the WHO classification ([Table 2](#T2){ref-type="table"}) between the 2 groups. Therefore, attention should be paid to the interpretation of the results in that other factors may have affected the outcomes of this study. On the other hand, N stage was not a significant independent prognostic factor for DFS in this study. This indicates that the effect of the N stage on the prognosis might be limited if the lymph node dissection is sufficiently performed and postoperative chemotherapy is given in most cases.

In conclusion, low Ki-67 LI was associated with poor prognosis after gastric cancer surgery. Ki-67 LI seems to be a predictive biomarker of resected stomach cancer treated with adjuvant chemotherapy and can be used for the estimation of adjuvant chemosensitivity. However, further studies should be conducted to determine the exact Ki-67 cutoff value for prognostic prediction in gastric cancer. New predictive biomarkers are still needed to predict therapeutic efficacy and prognosis. Importantly, the identification of the gastric tumor characteristics may be used in the development and selection of effective anticancer drugs.
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WHO, World Health Organization; LI, labeling index; CT, chemotherapy.
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Values are presented as number.

WHO, World Health Organization.
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HR, hazard ratio; CI, confidence interval; LI, labeling index.
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